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Shoulder impingementAbstract Objective: To assess ultrasound accuracy in rotator cuff tears detection with delineation
of the extent of the injury (partial/full thickness tear) compared to MRI.
Methods: Forty patients were referred with clinical suspicion of rotator cuff tear. Human ethics
committee approval was obtained. Ultrasound and MRI were done for all patients by 2 different
radiologists being blind to the results of the other examination to minimize the bias. Surgery or
arthroscopy was considered when conservative treatment failure for 6 months, or when rotator cuff
repair was indicated.
Results: Ultrasound detected different tendon pathologies (tendinitis, partial and full thickness
tears), in addition to the causal factors. Compared to MRI, ultrasound sensitivity for tendinitis
detection was 85% with 86% NPV and 90% accuracy, while for partial thickness tears, its sensitiv-
ity, specificity, PPV, NPV and accuracy were 88%, 89%, 94%, 80% and 83% respectively. But in
full thickness tears its sensitivity and specificity were 100% each.
Conclusion: Ultrasound and MRI are comparable in both sensitivity and specificity. Since US is
less expensive and more available, it could be considered as the screening method when rotator cuff
integrity is the main question, if well-trained radiologists and high resolution equipments are avail-
able.
 2015 The Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).1. Introduction
The term ‘‘rotator cuff” referred to the four muscles support-
ing the humeral head originating from the scapular anterior
and posterior aspects with their tendons inserted in the lesser
and greater tuberosity. These muscles are the subscapularis
(supporting the shoulder anteriorly); the supraspinatus (main-
tains the superior aspect); the infraspinatus and teres minor
(located on the posterior shoulder) (1).
194 S. Saraya, R. El BakryMany pathological conditions as trauma (whether acute or
chronic), inflammation or instability may cause rotator cuff
disease which is the commonest cause of shoulder pain and
malfunction (1).
Rotator cuff failure usually results from tendinopathy that
transforms from partial to full thickness tears involving the
supraspinatus tendon and may proceed to entangle the
infraspinatus tendon and/or the subscapularis tendon (2).
Basically shoulder impingement is a clinical diagnosis. The
role of imaging in such condition is to identify the causal fac-
tors as well as to detect the involvement of tendon injuries and
its extension as tears of the cuff muscles is difficult to be iden-
tified clinically (3). The decision making in the treatment of the
rotator cuff tears relies mainly upon the correct diagnosis of
the type and extent of the tear. According to the diagnosis
whether conservative or surgical treatment is chosen, even
the type of the surgical intervention (open or arthroscopic)
would differ according to the diagnosis (4).
In addition identifying the extent of tendons retraction and
the condition of the ruptured edges, as well as the quality of
the muscle itself influences the management policy (3).
To evaluate the painful shoulder a variety of imaging tests
have been used; yet, for diagnosing a rotator cuff tear the stan-
dard imaging modalities such as unenhanced MRI, indirect
and direct MR arthrography, and ultrasound are used (4).
US of the shoulder is utilized increasingly in healthcare
settings to assess the integrity of the rotator cuff. It is a
non-invasive examination with practically no side effects. It
is beneficial in the dynamic examination of the tendons during
movement of the shoulder (5). Yet being operator dependent
with a long learning curve is frequently considered to be its
limitation (6), especially in cases of partial thickness tears for
which a high interobserver variability is noted (7). In addition
its sensitivity is affected in obese patients and patients with
severe shoulder movement restriction (8).
Plain MRI is a non-invasive modality which is superior in
allowing imaging in multiple planes with high resolution yet
it is a static examination. Its diagnostic ability could be
enhanced by intra articular injection of radiopaque dye
(named MR arthrography), that helps to delineate intra-
articular structures and enhance abnormalities. Compared to
conventional MRI, MRA is superior in evaluating the shoul-
der diseases specially rotator cuff integrity; however, being
invasive in addition to the patient discomfort must be weighed
against the potential benefit from this additional procedure.
MRA needs well trained radiologist.
The limitations to MRI include availability, time consum-
ing, expensive in addition to its absolute contraindications as
the presence of intracerebral aneurysm clips, biostimulators,
cardiac pacemakers, automatic defibrillators, metallic orbital
foreign bodies, cochlear implants and implanted infusion
devices (9).
The aim of our study was to detect the efficiency of ultra-
sound being available, inexpensive dynamic study compared
to the unenhanced MRI (our golden standard) in the diagnosis
of the rotator cuff tears.2. Patients and methods
This study included 40 patients presented to the radiology
department of a private centre, with clinical diagnosis ofshoulder impingement for evaluating the rotator cuff integrity
through the period from January 2014 till September 2014.
Exclusion criteria included pregnant females. Human ethics
committee approval for this study was obtained from the insti-
tutional review board of this private centre. Ultrasonography
and non-enhanced MRI were done to all patients by 2 different
radiologists being blind to the results of the other examination
to minimize the bias. Surgery or arthroscopy was considered
when conservative treatment failure for 6 months, or when
rotator cuff repair was indicated.
Ultrasonography of the shoulder was done using ultra-
sound machine [HD II XE, Philips medical system, Nederland
B.V.] with 12 MHz linear-array transducer using muscu-
loskeletal settings with the following technique.
The long head of the biceps is used as the landmark in the
rotator cuff examination by US. Then scanning of the sub-
scapularis followed by the supraspinatus then the infraspinatus
and teres minor muscles were performed.
2.1. For subscapularis tendon
The arm is externally rotated stretching the muscle to displace
the tendon to a superficial location away from the coracoid
process.
For better assessment of the tendon integrity dynamic
examination while the arm is adducted during internal and
external rotation is done.
2.2. For supraspinatus tendon
To relocate the supraspinatus tendon away from the acromion
process the arm is to be extended posteriorly with the volar
aspect of the hand resting on the superior portion of the iliac
wing and the elbow is flexed and rotated towards the midline.
Then arm abduction with internal rotation is done while
locating the probe medial end at the lateral border of the acro-
mion process in a coronal plane for dynamic evaluation of the
subacromial impingement.
2.3. For infraspinatus and teres minor tendons
The patient either places his hand on the opposite shoulder or
places his forearm supinated on the ipsilateral thigh with the
probe placed on the glenohumeral articulation posteriorly.
Then the probe is shifted towards the scapular spine where
the infraspinatus and teres minor muscles are seen deep to
the deltoid muscle. Afterwards the probe is moved towards
the greater tuberosity in the sagittal plane where the two ten-
dons are examined till their insertion. The infraspinatus tendon
is the larger and the more cranial while the smaller and caudal
is the teres minor tendon.
The tendons integrity is assessed by dynamic examination
where the arm is adducted then passive internal and external
rotation is done allowing visualization of the tendons at their
insertion level.
MRI of the shoulder was done using Magnetom Avanto
scanner 1.5 T Siemens USA with the following technique:
Patient position:
 The patients were scanned in the supine position, with the
arm by the side of the body.
Table 1 Agreement between ultrasound and MRI findings for
the diagnosis of rotator cuff tears.
Ultrasound diagnosis Magnetic resonance imaging diagnosis
No tear Tendinitis PTT FTT
No tear 7 2 2 0
Tendinitis 0 10 0 0
PTT 1 0 13 0
FTT 0 0 0 5
Evaluation of the rotator cuff tears 195 The dorsum of the hand was parallel to the coronal plane of
the magnet.
 Circular coil was used (C 200) placed over the wrist, elbow
and shoulder joints, and was rapped and fixed by rubber
bands.
Preliminary scout localizers in axial, coronal and sagittal
planes were done.PTT: partial-thickness rotator cuff tears, FTT: full-thickness
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Our study included 40 patients, 27 females (67.5%) and 13
males (32.5%) with their age ranging from 24 to 65 years
(mean age 56).a hypoechoTwenty-one patients were complaining of pain in the shoul-
der region, 10 patients presented with limited range of move-
ment and 6 patients complained of weakness while 3 patients
presented with instability.
Ultrasound and non-contrast MRI were done for all cases
with the following results (Table 1).
Seven patients (17.5%) showed normal rotator cuff tendons
by both ultrasound and MRI but 3 of them (7.5%) showed evi-
dence of impingement with no tendon affection where two
cases out of the three showed osteoarthritic changes of the
acromioclavicular joint and one case showed subacromial
bursitis.
Twenty-eight patients (70%) showed rotator cuff disease by
both modalities as follows: 5 cases (12.5%) showed full thick-
ness tear, 13 cases (32.5%) showed partial thickness tear and
10 cases (25%) showed tendinitis.
Two cases (5%) were diagnosed as partial thickness
tear (one case supraspinatus tendon and one case
subscapularis tendon) by MRI but were not recognized by
ultrasound.
And only one case (2.5%) was reported by ultrasound as
partial thickness tear of the supraspinatus tendon proved to
be normal by MRI.ic area within involving its whole thickness denoting full thickness
a b c
Fig. 2 MRI coronal T2 (a), PD with fat suppression (b) and T1 (c) WI revealed a full thickness tear of the supraspinatus tendon near its
humeral attachment with fluid signal seen in the gapping area which measures about 6 mm (comparable to the US).
Fig. 3 US LS of the right supraspinatus muscle showing an intrasubstance hypo-echoic area within its tendon with no disruption of its
continuity (white arrow).
a b
Fig. 4 MRI coronal PD with fat suppression (a) and T1 (b) WI revealed a thickening of the supraspinatus tendon with intrasubstance
bright signal in PD WI and low signal in T1WI denoting partial thickness tear (white arrow).
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Fig. 5 US LS of the right supraspinatus muscle showing an
intrasubstance hypo-echoic area within its tendon reaching its
articular surface with no disruption of its continuity (white arrow).
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3.1.1. Case 1
A female patient 56 years old complained of limited mobility
of the right shoulder.
Both US (ultrasound) and MRI showed full thickness tear
of the supraspinatus tendon (Figs. 1 and 2).
3.1.2. Case 2
A female patient 42 years old complained of pain in the right
shoulder region with limited range of movement.
Both US and MRI showed partial thickness tear of the
supraspinatus tendon (Figs. 3 and 4).
3.1.3. Case 3
A male patient 37 years old complained of pain in the right
shoulder region.a b 
Fig. 6 MRI coronal T2 (a), PD with fat suppression (b) and T1
hypointense signal in T1WI involving the articular surface of the suprBoth US and MRI showed partial thickness tear (articular
surface) of the supraspinatus tendon (Figs. 5 and 6).
3.1.4. Case 4
A male patient 46 years old complained of pain in the left
shoulder region.
Both US and MRI showed tendinopathy of the supraspina-
tus muscle (Figs. 7 and 8).
3.1.5. Case 5
A female patient 50 years old complained of pain in the right
shoulder region with limitation of movement.
Both US and MRI showed tendinopathy of the supraspina-
tus muscle with subacromial bursitis (Figs. 9 and 10).
3.1.6. Case 6
A male patient 38 years old complained of pain in the left
shoulder region.
MRI showed tendinopathy of the subscapularis tendon
while US showed no appreciable abnormality (Figs. 11 and 12).
3.2. Statistical analysis
IBM SPSS statistics [V.21.0, IBM Corp., USA. 2012] were
used for data analysis.
According to the above results ultrasound showed in com-
parison with MRI a sensitivity of 85% for the detection of ten-
dinitis with 86% NPV and 90% accuracy, while for the partial
thickness tears it showed sensitivity, specificity, PPV, NPV and
accuracy of 88%, 89%, 94%, 80% and 83% respectively. But
in full thickness tears its sensitivity and specificity were 100%
each with 90% accuracy (Table 2).
4. Discussion
In patients presenting with shoulder pain and impingement
signs, the aim is to define whether the rotator cuff is intact
or torn with necessity to identify the torn tendon and to find
out how extensive the tear is. A strategy for treatment to be
agreed between the patient and the surgeon is depending on
the accurate diagnosis (5).c
(c) WI showing abnormal bright signal in T2 and PD WI and
aspinatus tendon (white arrows) denoting partial thickness tear.
Fig. 7 US LS of the left supraspinatus muscle showing increased tendon thickness with heterogeneous echogenicity denoting
tendinopathy (white arrow).
a b c
Fig. 8 MRI coronal T1 (a), PD with fat suppression (b) and T2 (c) WI showing abnormal intermediate signal of the supraspinatus
tendon in all pulse sequences with no disruption of its continuity (red arrows) denoting tendinopathy. Associated osteoarthritic changes of
the acromioclavicular joint are noted.
Fig. 9 US LS of the right supraspinatus muscle showing heterogeneous echogenicity denoting tendinopathy (white arrow) associated
with fluid echogenicity in the subacromial region representing bursitis (red arrow).
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a b
c d
Fig. 10 MRI coronal T1 (a), PD with fat suppression (b), T2 (c) and sagittal PD (d) WI showing abnormal intermediate signal of the
supraspinatus tendon in all pulse sequences with no disruption of its continuity (red arrows) denoting tendinopathy. Associated
subacromial bursitis is noted (white arrows).
Fig. 11 US of the left subscapularis tendon showing relative increase in its girth with normal echogenicity diagnosed as normal (white
arrow).
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Fig. 12 MRI axial GR WI (A) and sagittal PD fat suppression (B) showing abnormal intermediate signal of the subscapularis tendon
with relative increase of its girth (red arrows) denoting tendinopathy.
Table 2 The diagnostic parameters of US compared to MRI
for the diagnosis of tendinitis, partial-thickness (PTT) and full-
thickness (FTT) rotator cuff tears.
Ultrasound
Tendinitis (%) PTT (%) FTT (%)
Sensitivity 85 88 100
Specificity – 89 100
Accuracy 90 83 90
PPV – 94
NPV 86 80
PPV: positive predictive value (PPV), NPV: negative predictive
value (NPV), PTT: partial-thickness rotator cuff tears, FTT:
full-thickness rotator cuff tears.
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cacy and the costs of ultrasound versus MRI in evaluating the
rotator cuff disease, it is still difficult to tell which is the best
option, as each modality has evolved over years. Availability
of high resolution sonographic machines and high frequency
transducers increased its diagnostic efficiency. In addition
newly established MRI better and faster series and surface
coils also raise the diagnostic quality (3).
In reviews on this subject, the efficiency of ultrasonography
in evaluating the rotator cuff diseases was well established pro-
vided that experienced examiners with suitable equipments are
available to perform and interpret this examination (10).
According to Al-Shawi et al., ultrasound has been shown to
be an effective tool for determining the presence of a full-
thickness tear in the hands of trained radiologists with an accu-
racy of between 81% and 95% (5) which is matching with our
results. Errors in detection and measurement are small in the
hands of experienced radiologists (11).
In 2008 Fotiadou et al. (12) study revealed that the accu-
racy in the detection of full-thickness tears was 98% and
100% for ultrasonography and magnetic resonance imaging,
respectively while the accuracy in the detection of bursal or
articular partial-thickness tears was 87% and 90% forultrasonography and magnetic resonance imaging, respec-
tively. Compared to our study the differences in the accuracy
of the ultrasound were likely due to the small sample size.
While in 2009, de Jesus et al., stated that there is no statis-
tically significant difference between the sensitivities and speci-
ficities of MRI versus ultrasound in diagnosing either full- or
partial-thickness tears (p > 0.05) (4).
Fischer et al. mentioned that ultrasound is comparable to
MRI and should be preferred in revision cases where their
study revealed accuracy of 91.1% and 84.4% in detection of
supraspinatus tendon and infraspinatus tendons respectively
and 77.8% for the subscapularis tendon (13).
According to our results and the previous study results,
ultrasound is as accurate as MRI for assessment of rotator cuff
tears either full-thickness or partial thickness tears. In addition
to its lower cost it may be the most cost-effective imaging
method for screening for rotator cuff pathologies under
the conditions that the examiner has been properly trained.
For practitioners without ultrasound expertise, MRI can be
used (4).
5. Conclusion
Ultrasound and MRI are comparable in both sensitivity and
specificity. Since US is less expensive and more available, it
could be considered as the screening method when rotator cuff
integrity is the main question, and when well-trained radiolo-
gists and high resolution equipments are available.Conﬂict of Interests
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